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The first issue of the Journal of Mechanical Engineering Science (JMES) was published in June 1959 to provide a forum for specialised and scientific contributions in mechanical engineering. The development of the journal over its first 50 years was described in an editorial by Professor Duncan Dowson in 2009. In January 2019, I introduced our 60th anniversary with an editorial describing more recent developments of the JMES. To further mark the 60th anniversary, the present editorial board have organised this special edition. The authors of the papers included are either editorial board members or have been invited by the board. The intention is to illustrate some recent and current areas of international research, giving an opportunity to reflect on developments in these areas and on the discipline of Mechanical Engineering Science as a whole.
Many readers will be familiar with technology readiness levels (TRLs). These were introduced by NASA as a method for assessing the technology maturity for product development, and have been used and adapted for a wide range of technologies by others. Typically, TRL 1 will be the basic idea and the highest level is a fully proven system or product. Intermediate stages may include development and proof of concept, and different levels of component and system validation. More fundamental research is associated with the lower TRLs and only some of the propositions explored at these levels will meet the requirements for development at higher levels. Much effort in engineering goes into progressing technology through the broad range of TRLs, and the range of work across the TRLs is reflected in this special issue. The papers presented include description of successful technology development, evaluation of technology against laboratory or actual system data, and ideas for improving existing technology or developing new products.
Structural vibrations feature highly in JMES publications and this is reflected in this special issue. The first two papers in this issue demonstrate the complexity and importance of blade vibration in turbomachinery and give practical examples of measurement and analysis. Liska et al. consider analysis and measurement of vibration in an axial steam turbine, exploring signal processing methods to extract information on blade vibration from shaft vibration sensors, with evaluation against engine data. Mashayekhi et al. consider a computationally efficient reduced order method for forced response vibration of turbine blades with simplified test cases. It is clear that the optimal choice of methods to use depends on the application and objectives in question, and that sophisticated methods are required to optimise prediction and interpretation of data.
The next three papers consider issues in analysis and computer modelling for structural dynamics. Blekhman and Kremer consider a Stephenson-Kapitza pendulum with random oscillations at the suspension point. From this fundamental study they propose a control strategy for an energy efficient vibrator. Uspensky et al. present a method for calculating superharmonic resonances in strongly nonlinear systems. Their motivation is to provide efficient methods for systems with many degrees of freedom. Timorian et al. focus on vibration of periodic structures, the effects of departures from periodicity on the dynamics, and how these might be used to control elastic vibrations.
Four papers consider different aspects of component failure. Croccolo et al. show through experimental testing that electrodeposited zinc and nickel coatings on a commonly used steel do not adversely affect fatigue life. Thus, the use of coatings to reduce fretting wear could offer an alternative to other surface treatments such as shot-peening. Durodola considers estimation of fatigue life, comparing methods of fatigue damage estimation against an established dataset. An artificial neural network approach is proposed as having greater predictive capability for fatigue damage under Gaussian and non-Gaussian load distributions than existing frequency domain methods. Lofrano et al. propose a structural damage index based on the comparison of pre-and post-damage vibration measurements, with demonstration on numerical and laboratory experiments. The growing use and potential of solar power is supported by detailed research and development targeted at this application and presents its own challenges. Activities in this area are illustrated by Berardone and Paggi's investigation of damage in photovoltaic modules. A clear recommendation is that thermal cycling testing should include the combined effect of moisture and temperature variation.
Recent developments in fluid mechanics are illustrated in four review papers. Experimental and computational methods have developed significantly in recent years and this is demonstrated by Senft and Gillan's review of advances in aerodynamic development and testing for road and motorsport cars. The complementary use of wind tunnel testing and computational fluid dynamics (CFD) has enabled continuous improvement in aerodynamics design optimisation and productivity. Wind power is now a leading source of renewable energy. While large horizontal axis wind turbines (HAWTs) are a familiar sight in many parts of the world, it remains to be seen if smaller scale turbines will find widespread application. Du et al. review aerodynamics research for vertical axis Darrieus wind turbines, for which the aerodynamics is more complex than for HAWTs. Some significant questions and challenges are noted. CFD modelling of fluid-structure interactions has become more popular as computational power increases and this is one of the drivers for development of CFD methods. Huang and Tian's paper considers development of the immersed boundary method (IBM) in CFD which avoids some of the difficulties involved with moving boundary-fitted meshing. The IBM has been successfully demonstrated for a range of applications, but important challenges remain for high Reynolds number flows. The fourth review article, by Chew et al., considers a detail of the flow in axial flow turbines. Prediction of hot gas ingestion levels through the rim seal separating the main gas path from internal disc cavities has long been recognised as a challenging issue in engine design. A combination of CFD and experimental studies has shown that inertial waves, or unsteady rotating flow modes, occur in the rim seals and play an important part in ingestion. With recognition of this effect, current research aims to improve predictive methods and seal design, further optimising engine performance.
The final two papers are related to design challenges in the important and growing application area of robotics. Both papers take some inspiration from nature. Wang et al. consider analysis of a wiredriven continuum robot and testing of a two-joint prototype. Extensions of the research to multi-joint, highly dexterous robots are planned. As with other papers, the final paper in the issue looks both to the past and the future, but over a longer timescale in this case. The review by Shahid et al. seeks inspiration from nature for design of flying robots and discusses the use of robots to shed light on the flying capability of an extinct dinosaur.
I would like to thank the authors of this anniversary edition. The papers illustrate areas of current interest in Mechanical Engineering Science and reflect some of the challenges being addressed by engineers: they are a very small sample rather than a comprehensive survey. However, the wide range of interests and the continuing immense contribution of the profession are apparent.
It has been a pleasure and a privilege to oversee this 60th anniversary issue of the JMES. I would like to thank the reviewers, editorial board, and publishers for their support.
